 Erythropoietin has a protective effect on neuropathic injury induced by propofol in rats  Erythropoietin mechanism is relevant to the regulation of TLR4/NF-κB signaling pathway.
Introduction
Propofol (2,6-diisopropylphenol) has great sedative-hypnotic effect that is widely used in the process of surgery or in ICU to keep anesthesia and sedation. An increasing number of studies have proved that propofol can lead to cell death in cortical cells [1] , developing hippocampal neurons [2] and neural progenitor cell or stem J o u r n a l P r e -p r o o f cells [3] performed on cell lines. In addition, many in vivo studies have shown that
propofol can damage neuronal cell in the young or adult brain of different animals [4, 5] .
Therefore, it is significantly to explore potent measures against the underlying pernicious effects of propofol in the developing brain.
Toll-like receptors (TLRs) could recognise pathogen-associated molecular patterns and allow the host to detect microbial infection. TLRs also can regulate innate and adaptive immune response15, which are associated with noninfectious inflammatory diseases. TLR4 is identified as a kind of transmembrane proteins, which has important effects in inflammatory reaction [6] . More and more works have proved that the expression of TLR4 is elevated in many nerve lesion, including ischemic, autoimmune disease, hemorrhagic brain injuries and Parkinson's disease [7, 8] . When the TLR4 is activated, the downstream of the NF-κB can also be activated, which is an important pivot participated in the inflammatory signaling pathway. NF-κB is a transcription factor that regulates the inflammation-related genes, including interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) [9] .
Neuronal injury induced by propofol in brain is closely related to the inflammatory responses, thus it can be seen that the inhabitation of the inflammatory responses is an important strategy for propofol injury.
Erythropoietin (EPO) is originally as a cytokine, which has an important effect in erythropoiesis. Previous studies have shown that EPO has great protective effect on hypoxic-ischemic and inflammatory damages in different tissues and organs [10, 11] .
Furthermore, EPO decreases the levels of inflammatory factors [12, 13] , and more and more studies have confirmed that EPO has a potential agent for the therapy of diseases relevant with neuronal damage, including mechanical brain damage,
Parkinson's disease, stroke and spinal cord damage [14] . The previous researches [15, 16] have noted that EPO has an outstanding neuroprotective activity against CO-induced neuronal injury. Nevertheless, whether EPO can defend the propofol-induced damage and decrease the level of TLR/NF-κB signaling pathway in developing rats after propofol injury remains unknown.
In this study, we investigated the remarkable effects of EPO on the TLR4/NF-κB J o u r n a l P r e -p r o o f signaling pathway and the inflammatory factors in-1β, interleukin-6, interleukin-8 and tumor necrosis factor-α in developing rat hippocampus, which is the most pregnable area with the brain damage induced by propofol.
Materials and Methods

Experimental animals
Healthy SPF grade 96 7-day-old Sprague-Dawley rats, weighing (16±4g), male or female, were purchased from Jinan Pengyue Experimental Animal Breeding Co., Ltd., animal production license number: SCXK (Lu) 2014-0007. All animals were housed in a controlled environment at 22-24 ° C and a relative humidity of 50-60% with free access to food and water. Animal experiments follow the NIH guidelines (NIH Pub.
No. 85-23, revised 1996) and have been reviewed and approved by the Affiliated Yantai Yuhuangding Hospital of Qingdao University Animal Protection and Use Committee.
The groups and administration of animals
Rats were randomly divided into control group (Control) without being treated, [17, 18] . The control group was injected the same amount of saline. EPO group was received intraperitoneal injection of EPO 5000U/kg [19, 20] . PPF+EPO group was received intraperitoneal injection of propofol 80mg/Kg, EPO 5000U/kg, once daily, for 7 consecutive days. To further verify the effect of erythropoietin on the pathway, TLR4 activator (LPS, Beijing Solabao Technology Co., Ltd.) and TLR4 inhibitor (TAK-242, purchased from Invivogen) were used to treat the rats. The test groups are as follows: control group (Control), propofol group (PPF), propofol + EPO group (P + E), propofol + TAK-242 group (P + T), propofol + EPO + LPS group (P + E + L) ),
propofol + TAK-242 + EPO (P + E + T); propofol + LPS (P + L) (n=12). Rats in the P+T group were intraperitoneally injected with PPF 80 mg/kg, TAK-242 2 mg/kg [21] , and P+E+L rats were intraperitoneally injected with PPF 80 mg/kg, EPO 5000 U/kg, J o u r n a l P r e -p r o o f LPS 40 mg/kg, once daily, continuous injection for 7 days. After the injection, the righting reflex disappeared. The young rats were placed in a constant temperature incubator and the oxygen flow was continued for a low flow. After the righting reflex was restored, it was returned to the mother, and the separation time from the mother was no more than 5 hours.
Hematoxylin-Eosin(HE) staining to observe morphological changes of hippocampal neurons
Six rats in each group were anesthetized by ether inhalation, then were fixed in supine position. And the abdominal cavity was quickly opened. The left ventricle was inserted from the apex, and the pre-cooled saline was quickly input inward. At the same time, the right atrial appendage was broken with an ophthalmology scissors.
After the effluent was cleared, it was replaced with a pre-cooled 4%
paraformaldehyde fixative for rapid systemic perfusion fixation. Rat hippocampus tissue was taken and fixed in 4% paraformaldehyde for 24 hours, and the tissue was Lastly, the section was routinely dehydrated, transparent, and sealed. It was observed under a ×400 optical microscope (Olympus Model BX51, Olympus, Japan).
Nissl staining to observe the damage of hippocampal neurons
The slices were dewaxed, and the gradient ethanol solution was dehydrated. After washed with distilled water, the slices were stained in the tar purple dye solution for 30 min (stained in a 37 °C incubator for 10 min), and separated by a 95% ethanol solution. The Nissl was purple, the nucleus was lavender, and the glial cells were lavender. The section was routinely dehydrated, transparent, sealed and placed under a light microscope. The hippocampal neurons were observed under a light microscope.
3 discrete sections counted per rat and the average was taken. The number of neurons J o u r n a l P r e -p r o o f in the hippocampal CA1 region was counted (×400).
TUNEL staining to observe the apoptosis of hippocampal neurons
The sections of the apoptosis of hippocampal neurons were detected by TUNEL method using the apoptosis detection kit (batch number: ZK-8005, Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., China). Five fields of view were randomly selected under a 400-fold optical microscope. The normal cell nucleus was blue, and the apoptosis-positive cells were brown-yellow. Apoptotic index was calculated (apoptotic Index, AI), which reflects the degree of apoptosis. AI = (number of apoptotic positive cells /total cells) × 100%.
Immunohistochemistry to observe hippocampal neuronal cell proliferation (BrdU)
The dewaxed sections(n=3) were inactivated by adding 3% H2O2 methanol solution for 20 min, and was heat-fixed for 10 min via the high temperature antigen in the buffer solution (pH 6.0), and the slices were blocked with BSA for 20 min. Rabbit anti-rat BrdU (1:500, orb109973, Biorbyt, Cambridge, UK) was added dropwise and allowed to react overnight at 4 °C. After rewarming, the sections were incubation with secondary antibody. DAB was developed at room temperature for 5-10 min, hematoxylin counterstained for 10 min, gradient alcohol dehydration for 5 min, xylene treatment for 2 times each for 10 min, and the gum was sealed. The results were observed under a ×400 optical microscope (Olympus, Japan) and counted using AperioImagescope 11.1 software, and the ratio (%) of positive cells were counted as the results.
The proinflammatory factors (TNF-α, IL-1β, IL-6, IL-8) and anti-inflammatory factors (IL-4, IL-10) in hippocampus were detected by ELISA
The remaining rats were anesthetized and then dislocated and sacrificed. The left Protein expression levels were normalized by β-actin and the protein levels of p-P65
normalized by P65, p-IκBα normalized by IκBα. Grayscale scanning and quantification were performed by Image J (NIH) software.
statistical methods
Data processing was performed using SPSS 19.0 statistical analysis software, and the results were expressed as mean ± standard deviation (mean ± SD). Data analysis between groups was performed by one-way analysis of variance (ANOVA) and subsequent analysis using LSD test. The difference was statistically significant at p < 0.05.
Results
The effect of Erythropoietin on morphological changes and nerve cells in hippocampal CA1 area
HE staining results (Figure 1) showed that the neurons of the control group and the EPO group were conical, uniform in size, neatly arranged, and clearly defined. In J o u r n a l P r e -p r o o f the PPF group, the hippocampal neurons were disorderly arranged and the structure was unclear. Additionally, the cell body was shrunk as well as the nucleus was constricted into a triangle or a polygon. The nucleolus disappeared and the cytoplasm was strongly eosinophilic. However, the hippocampal nerve cells were arranged neatly and some of the nerve cell bodies were swollen and the neurons were degenerated in P+E rats. The results of Nissl staining also showed that the tissue structure of hippocampal CA1 area in control group and EPO group was normal and no pathological changes. The hippocampal pyramidal cells were arranged neatly and tightly, cytoplasmic staining was clear and Nissl was abundant. It was also shown that neuronal degeneration and necrosis occurred in the CA1 region and the number of hippocampal pyramidal cells was decreased in the PPF group. Beyond that the structure was blurred and the cell body was swollen. And the arrangement was scattered and the cytoplasmic Nissl bodies were largely lost. In the P+E group, the lesions in the hippocampal CA1 area were alleviated, the pyramidal cells were arranged neatly and tightly, and the cytoplasmic Nissl was richer and clearer.
The effect of Erythropoietin on neuronal apoptosis and BrdU expression in hippocampal CA1 region
Compared with control group, the percentage of apoptotic cells of the PPF and P+E groups were significantly increased (p<0.05) ( figure 2A ). The percentage of apoptotic cells was significantly decreased (p<0.05) in the hippocampal CA1 area of the P+E group versus the PPF group.
As shown in the figure 2B, the positive BrdU is mainly located in the nucleus of the neuron, which is brown-yellow granular. The expression of positive cells of Control group and EPO group was less. The positive cell count of P+E group was remarkably raised (p<0.05) than PPF group.
The effect of Erythropoietin on the level of inflammatory factors in hippocampus
There was no significant difference in the expression of inflammatory factors within the control group and the EPO group (Figure 3 
The impact of Erythropoietin on the TLR4/NF-κB-related protein expression in hippocampus
Western blot analysis indicated that there was no outstanding difference in the expression of pathway-related proteins in the hippocampus between control group and EPO group (p>0.05) (Figure 4 ). The level of TLR4 and p-P65 protein of PPF and P+E groups were obviously up-regulated, while the expression of p-IκBα protein was significantly decreased than the control group(p<0.05). Furthermore, the expression of TLR4 and p-P65 protein in the hippocampus of the P+E group were significantly decreased than the PPF group, while the expression of p-IκBα protein was significantly increased (p<0.05).
Effects of TLR4/NF-κB pathway on morphological changes and injury of hippocampal CA1 neurons
As shown in figure 5 , the neurons of the Control group were conical, uniform in size, neatly arranged and clearly defined. The hippocampal neurons in the PPF and P+E+L groups were disorderly arranged. The structure was unclear and the cell bodies were shrunk. It was condensed into a triangle or a polygon. The nucleolus disappears.
The cytoplasm was also strongly eosinophilic. The hippocampal neurons in the P+E group and the P+T group were arranged neatly and some of the nerve cell bodies were swollen and the neurons were degenerated. The results of Nissl staining showed that the tissue structure of hippocampal CA1 area in control group was normal and no pathological changes. The hippocampal pyramidal cells were arranged neatly and tightly. The cytoplasmic staining was clear and Nissl was abundant. PPF and P+E+L group rats CA1 Neuronal degeneration and necrosis occurred in the area. The number of hippocampal pyramidal cells decreased and the structure was blurred. The cell body was swollen. The arrangement was scattered and the cytoplasmic Nissl bodies J o u r n a l P r e -p r o o f were largely lost. It was also shown that lesions in the hippocampal CA1 area of P+E group and P+T group were alleviated. The somatic cells were arranged more closely and tightly, and the cytoplasmic Nissl was richer and clearer.
Effect of TLR4/NF-κB pathway on neuronal apoptosis and BrdU expression in hippocampal CA1 region
The percentage of apoptotic cells of the other groups was remarkably increased than that of the control group (p<0.05) (figure 6A). Comparing with the PPF group, the percentage of apoptotic cells of the P+E, P+T groups was significantly decreased, and the difference was statistically significant (P<0.05). The percentage of apoptotic cells of the P+E+L group was significantly increased than that in the P+E group(P<0.05).
The positive expression of BrdU was mainly located in the nucleus of the neuron, which was brown-yellow granular. As shown in the figure 6B , the positive cells of the control group were less expressed. The positive cells in the P+E and P+T groups were significantly increased when compared with control group(p<0.05). The positive cell counts in the P+E+L group were notably reduced compared to the P+E group (p<0.05).
Effect of regulation of TLR4/NF-κB pathway on expression of inflammatory factors in hippocampus
As shown in figure 7 , the expression of proinflammatory factors (TNF-α, IL-1β, IL-6, IL-8) in the hippocampus of the other groups was significantly increased and anti-inflammatory factors (IL-4, IL-10) were significantly decreased than the control group(p<0.05). Compared with the PPF group, the inflammatory factors were also significantly improved (p<0.05). In addition, in comparison with the P+E group, the expression of the inflammatory factors were also significantly improved(p<0.05) in the P+E+L group.
Effect of regulation of TLR4/NF-κB pathway on expression of related proteins in hippocampus
When comparing to the Control group, the expression of TLR4 and p-P65 protein in hippocampus of the other groups were remarkably up-regulated, while the level of J o u r n a l P r e -p r o o f p-IκBα protein was notably decreased (p<0.05) (Figure 8 ). Compared with the PPF group, the levels of TLR4 and p-P65 protein in hippocampus of P+E and P+T groups were remarkably down-regulated, but the expression of p-IκBα protein was significantly up-regulated (p<0.05). In addition, the protein expression of TLR4 and p-P65 in hippocampus of P+E+L group was obviously up-regulated than the P+E group, while the protein expression of p-IκBα was greatly down-regulated (p<0.05).
Discussion
Many studies have shown that the anesthetics, such as propofol and isoflurane can induce neuronal death in developing animal brains [22, 23] . But the underlying mechanisms of propofol injury in the neurons still need to be explored. Therefore, the search for the protective substances against the injury was critical important. In this Toll-like receptors (TLRs) play important effects in inflammatory responses [24] .
TLR4 as a member of TLRs family has been proved to play an important role in inducing the inflammatory response in brain damage [25] . The NF-κB pathway can be facilitated by the activation of TLR4, then resulting in the generating of proinflammatory factors and accelerating the inflammatory reactions [26] . In addition, many studies have demonstrated that the downstream signaling pathway regulated by TLR4 can exacerbate the brain injury [27] . In the present work, the TLR4 and NF-κB levels were up-redulated in propofol group, which implies that TLR4/NF-κB pathway promoted the inflammatory reactions after brain being damaged by propofol.
J o u r n a l P r e -p r o o f Therefore, the expression of TLR4/NF-κB pathway maybe an underlying treatment target for propofol damage in brain.
EPO was an important regulator of ischemia reperfusion injury (IRI) [28] and exerted great neuronal protection while exposure extensively to animals suffering from severe ischemia [29] . EPO had great effect against IRI in the brain injury [30] . Many studies showed that EPO had great safey and efficacy in curing acute ischemic stroke [31] and hypoxic-ischemic encephalopathy [32] . Previouse studies proved that when the patients with CO injury were given EPO timely, neurological results and neurological sequelae could be alleviated in great extent [33] . Nevertheless, propofol may cause neuronal death in newborn rat brains, which is prevented by low-dose rEPO but not high-dose rEPO, the protective effect of EPO on the neuronal injures induced by propofol are dose dependent [34] . Some studies have shown that EPO protects IRI neurons and induces TLR-induced responses by activating NF-κB, PI3K
and Akt [35, 36] . EPO could impact many downstream factors to regulate inflammation, oxidative stress and apoptosis [37, 38] . In the present research, we proved that the pathology of neuronal necrosis and apoptosis were improved by EPO. Furthermore, EPO also inhibited the levels of TLR4 and NF-κB and further reduced the levels of proinflammatory factors (TNF-α, IL-1β, IL-6, IL-8) and increased anti-inflammatory factors (IL-4, IL-10). All of the above demonstrated that EPO prevented the damage induced by TLR4, exerting a great neuroprotective effect against neurological damage caused by propofol.
Conclusions
In summary, the present work indicated that erythropoietin has a protective effect on propofol induced neuropathic injury in rats, and its mechanism is relevant to the TLR4/NF-κB caused inflammatory reaction. Nevertheless, the indicators might not be comprehensive. In addition, we only limited the study on hippocampus tissue and the study findings may not be applicable to other areas.
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